Genes of an influenza A (H5N1) virus from a human in Hong Kong isolated in May 1997 were sequenced and found to be all avian-like (K. Subbarao et al., Science 279:393-395, 1998). Gene sequences of this human isolate were compared to those of a highly pathogenic chicken H5N1 influenza virus isolated from Hong Kong in April 1997. Sequence comparisons of all eight RNA segments from the two viruses show greater than 99% sequence identity between them. However, neither isolate's gene sequence was closely (>95% sequence identity) related to any other gene sequences found in the GenBank database. Phylogenetic analysis demonstrated that the nucleotide sequences of at least four of the eight RNA segments clustered with Eurasian origin avian influenza viruses. The hemagglutinin gene phylogenetic analysis also included the sequences from an additional three human and two chicken H5N1 virus isolates from Hong Kong, and the isolates separated into two closely related groups. However, no single amino acid change separated the chicken origin and human origin isolates, but they all contained multiple basic amino acids at the hemagglutinin cleavage site, which is associated with a highly pathogenic phenotype in poultry. In experimental intravenous inoculation studies with chickens, all seven viruses were highly pathogenic, killing most birds within 24 h. All infected chickens had virtually identical pathologic lesions, including moderate to severe diffuse edema and interstitial pneumonitis. Viral nucleoprotein was most frequently demonstrated in vascular endothelium, macrophages, heterophils, and cardiac myocytes. Asphyxiation from pulmonary edema and generalized cardiovascular collapse were the most likely pathogenic mechanisms responsible for illness and death. In summary, a small number of changes in hemagglutinin gene sequences defined two closely related subgroups, with both subgroups having human and chicken members, among the seven viruses examined from Hong Kong, and all seven viruses were highly pathogenic in chickens and caused similar lesions in experimental inoculations.
Influenza A virus can infect many species of birds and mammals, but the natural host and reservoir are believed to be free-living aquatic birds belonging to the orders Anseriformes and Charadriiformes (10, 18, 34) . Influenza A virus infections are often considered emerging exotic viral diseases in chickens and turkeys because of increased reports of highly virulent influenza outbreaks in Europe, Asia, and North America. Although influenza A viruses are enzootic in wild aquatic birds, the crossover of virus from this reservoir to mammals has been documented only rarely. Crossing this species barrier is thought to require a combination of appropriate virus genetics and environmental factors related to transmission of the virus between species. Host specificity and attenuation of influenza A virus have been attributed to viral hemagglutinin (HA), nucleoprotein (NP), matrix (M), and nonstructural (NS) genes individually or in combinations of viral genes, and host specificity is probably different for each virus because of its unique constellation of genes (31, 33, 35, 43, 44) . In experimental studies with humans and nonhuman primates, several different HA subtypes of avian influenza viruses (AIVs) were able to cause infection and in some cases disease (4, 26, 43) . Experimental inoculations of humans and nonhuman primates with human-avian influenza reassortant viruses demonstrated that most of these viruses could infect humans and, depending on the source of the avian genes, different genes were linked to attenuation of the reassortant virus (7, 8, 35, 36, 43) . In other experimental inoculations, AIVs of many different HA subtypes, including several H5 AIVs, were shown to infect swine, ferrets, hamsters, and cats (20, 26, 49) . Natural AIV infections of mammals, including two separate cases of conjunctivitis in humans and epidemic outbreaks in pigs, horses, and seals, have been reported (13, 14, 23, 32, 47) .
Experimental or natural infection with AIVs of poultry with subtypes H1 to H4, H6, and H8 to H15, and most AIVs of subtypes H5 and H7, produce subclinical infections with viral replication limited to the respiratory or enteric tract or mild disease with clinical signs and lesions in the respiratory, reproductive, or urinary system (10, 40, 41) . A few outbreaks of H5 and H7 AIVs have been highly virulent, producing systemic illness with high mortality and lesions in multiple visceral organs (1, 38) . The pathogenesis of highly pathogenic AIVs (HPAIVs) typically involves viral replication and cell death in multiple critical visceral organs, but the predominant cell types for virus replication and lesion production vary among different HPAIVs (5, 17, 22, 25, 38) .
In March 1997, an outbreak of HPAIV H5N1 in chickens was reported in Hong Kong (6) , and in May 1997, a 3-year-old child from Hong Kong was infected with an H5N1 influenza A virus that likely contributed to the child's death (37) . No other cases were recognized until November and December 1997, when infection by H5N1 influenza viruses resulted in more fatalities (6) . The H5 influenza virus subtype had not previously been associated with a naturally acquired human infec-tion, and because the human population is immunologically naive to this HA subtype, it presented a risk of an influenza pandemic. The isolate from the first human case had all avianlike genes, was highly virulent when inoculated into chickens, and was thought to be of recent avian origin (37) . The child may have had direct contact with sick chickens before becoming ill (6) . The recognition that two viruses from Hong Kong, an avian-like human influenza viruses and an HPAIV chicken isolate, had the same HA and neuraminidase (NA) subtypes indicated the need for a detailed comparison of these two viruses and other related H5N1 isolates. (Table 1) by passage in 10-day-old embryonated chicken eggs. All titrations and analyses were also performed from these stocks. Standard procedures (30) were used for determination of virus titers in chicken embryo fibroblast (CEF) cells, embryonated eggs, and Madin-Darby canine kidney (MDCK) cells as well as hemagglutination titers (HA titers) with chicken erythrocytes. Viral proteins were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis as previously described (29) .
MATERIALS AND METHODS

Virus purification and biological assays.
Molecular cloning and sequencing of influenza virus genes. RNA from all isolates was extracted with RNeasy reagent (Qiagen Corp., Chatsworth, Calif.) from infected allantoic fluid prior to reverse transcriptase-mediated PCR (RT-PCR) amplification. RNA was reverse transcribed by using Superscript II (Life Technologies) reverse transcriptase enzyme with incubation at 45°C for 1 h. PCR was performed at 51°C for 31 cycles. For the NS, M, and NP gene segments, primers to the conserved 12 and 13 bp present on the 5Ј and 3Ј ends of each viral segment were used. The HA and NA genes were RT-PCR amplified with longer primers but also incorporated the conserved 12 and 13 bp on the 5Ј and 3Ј ends of the gene. For these five viral genes, full-length cDNA copies were made. The PCR product was electrophoresed in an agarose gel, and the DNA corresponding in size to the gene segment of interest was extracted with an agarose gel DNA extraction kit (Boehringer Mannheim). The DNA was cloned into the pAmp1 (Life Technologies) plasmid vector by using a ligation-independent cloning system. Colonies were screened by PCR with internal primers, positive cultures were grown overnight, and plasmid was extracted by using a High Pure Plasmid Isolation kit (Boehringer Mannheim). Plasmids were sequenced by using a PRISM Ready Reaction DyeDeoxy Terminator Cycle Sequencing kit (PerkinElmer) run on a 373A automated sequencer (Perkin-Elmer). The three polymerase genes, PA, PB1, and PB2, were also RT-PCR amplified with the exception of the human PB1 gene, which was cloned similarly to the other viral segments; the genes were amplified in three overlapping parts, and the PCR products were sequenced directly.
Nucleotide and amino acid sequence phylogenetic analysis. Assembly of sequencing contigs, translation of nucleotide sequence into protein sequence, and initial multiple sequence alignments were performed with the Lasergene (DNASTAR) group of programs. Phylogenetic trees for each gene were generated by using the maximum parsimony method with 100 bootstrap replicates in a heuristic search using the PAUP 3.1 software program (42) . Midpoint rooting was used for all genes except the M, NP, and NS genes, where A/equine/ Prague/56 was used as the outgroup. The NS, M, and NP analyses used selected gene sequences from GenBank designed to provide a complete tree but enriched with isolates of closely related gene sequences. All full-length or nearly fulllength gene segments available in GenBank were included for the remainder of the gene segments.
Animal experiments. Three-to four-week-old specific-pathogen-free (SPF) White Plymouth Rock (WPR) and adult (37-to 41-week-old) SPF White Leghorn (WL) chickens were used in pathogenicity studies conducted in biosafety level 3 agriculture facilities (2) . The chickens were housed in Horsfal-Bauer stainless steel isolation cabinets ventilated under negative pressure with HEPAfiltered air, and care was provided as required by the Institutional Animal Care and Use Committee, based on the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (8a). Feed and water were provided ad libitum.
For each influenza virus isolate, a modified U.S. Animal Health Association pathogenicity test was performed (45) . In the first experiment, 0.2 ml of a 1:10 dilution of a bacterium-free, infectious allantoic fluid was inoculated intravenously (i.v.) into 3-week-old SPF WPR chickens and intranasally (i.n.)/intratracheally (i.t.) into adult SPF WL hens. In addition, 3-week-old WPR chickens received 0.1 ml of a 1:5 dilution of bacterium-free, infectious allantoic fluid i.n. Based on back titration, the doses were 10 6.9 and 10 8.1 mean chicken embryo FIG. 1. Phylogenetic analysis using parsimony for all eight influenza virus gene segments based on nucleotide sequence. HK/156 is used as the reference isolate for all eight trees. All trees were constructed by general bootstrap analysis using 100 replicates, using PAUP 3.1 software (42) . Branch lengths are provided in each tree. The NP, M, and NS genes are rooted to A/equine/Prague/1/56, and all other trees are midpoint rooted. All isolates in trees are type A influenza virus isolates and are full-length or close to full-length sequences. The NP and M trees used selected isolates to show the main groups but are concentrated with isolates close to the reference isolate. The NS gene tree also uses selected isolates, but only subtype (group) A isolates are presented. Abbreviations used for identifying isolates: CK (chicken), TK (turkey), DK (duck), FPV (fowl plague virus), WSN (mouse neurovirulent derivative of A/WS/33), Aust (Australia). lethal doses (ELD 50 )/chicken for HK/156 and CK/HK/220, respectively. In the second experiment, the inoculum was standardized to 10 7.9 ELD 50 /chicken and given i.v. or i.n. to 4-week-old WPR chickens. In the third experiment, human isolates HK/481, HK/482, HK/483, CK/HK/728, and CK/HK/915 were i.v. inoculated into 4-week-old WPR chickens as in experiment 1, with back titration titers of 10 7.5 , 10 6.6 , 10 7.2 , 10 4.8 , and 10 5.8 , respectively. All chickens in experiment 1 and 3 that died were necropsied. Two 4-week-old WPR, two 4-week-old WPR, and two 41-week-old WL hens were inoculated with sterile allantoic fluid by i.n., i.v., and i.n./i.t. routes, respectively as negative controls. Controls were euthanized on day 3 postinoculation with i.v. sodium pentobarbital (100 mg/kg of body weight) and necropsied.
Histopathology, ultrastructural pathology, and immunohistochemistry. In experiment 1, tissues were fixed in 10% neutral buffered formalin solution, sectioned, and stained with hematoxylin and eosin. Duplicate sections were stained immunohistochemically to determine influenza virus antigen distribution in individual tissues. A monoclonal antibody against influenza A virus NP, provided by Virginia Hinshaw, University of Wisconsin, was used as the primary antibody as previously described (39) .
Lung tissue from one 3-week-old negative control (i.n. route) WPR chicken and three CK/HK/220 AIV-inoculated chickens (i.n. and i.v. routes in 3-week-old WPR chickens and i.n./i.t. in an adult hen) were perfused via the trachea with sodium cacodylate-buffered 1% glutaraldehyde fixative, processed to ultrathin plastic-embedded sections, and stained with lead citrate-uranyl acetate. Sections were viewed on a JEOL transmission electron microscope.
Statistical analysis. Median death times (MDT) were analyzed by MannWhitney rank sum test.
RESULTS
Genetic analysis. Pairwise sequence comparisons between the eight RNA segments of CK/HK/220 and HK/156 are presented in Table 2 . All eight genes had nucleotide differences between them, and all but one, the M gene, had putative amino acid coding differences. Nucleotide sequence homology was greater than 99% for all eight genes in pairwise comparisons. Phylogenetic analysis using parsimony with influenza virus sequences from GenBank showed that all eight genes of these isolates formed a unique branch. However, the HA, M, NS, and NP genes clustered in the Eurasian AIV group (Fig. 1) . The N1 and PB2 genes clustered with AIV genes, but because of the limited number of sequences, further distinctions were not possible. The PB1 and PA genes were most closely related by nucleotide sequence similarity to A/swine/Hong Kong/ 126/82 and A/swine/Hong Kong/81/78, respectively, but these isolates were thought to have been the result of a recent crossover of AIVs to pigs (21) . The influenza virus isolates with the closest nucleotide and amino acid sequence similarities are presented in Table 2 . Amino acid similarity of the PB1 gene showed that both isolates were most closely related to North American AIVs, but no full-length Eurasian AIV sequences are in the GenBank database. Both HK/156 and CK/HK/220 had an additional amino acid in the 3Ј end of the PB1 protein compared to other PB1 sequences found in the GenBank database. This difference was the result of differences in stop codon usage, with these isolates having their PB1 stop codon one codon further downstream than PB1 sequences of the other 23 isolates in the GenBank database.
The HA protein differed between HK/156 and CK/HK/220 by four amino acid changes, one in the leader sequence, one in HA1 that caused a putative glycosylation difference, and two in HA2 (Fig. 2) . The glycosylation difference was further confirmed by differences in migration of the HA1 proteins when separated on a polyacrylamide gel and stained with Coomassie blue (Fig. 3) . The human influenza virus HA1 and HA2 proteins migrated faster than its chicken influenza virus counterparts, but the NP, M1, PA, PB1, and PB2 proteins migrated similarly in the gel. The NA was either unstable, not present in sufficient quantities for staining, as often occurs in influenza virus isolates (28) , or obscured by the NP and HA1 bands. Since there was only a single difference in the coding sequence, the difference in the migration of HA1 is most likely due to the difference in glycosylation at position 154. Amino acids in the H5 sequence at positions 154 to 156 correspond to positions 158 to 160 in the H3 solved structure and are located on the outermost loop in the region of the receptor binding pocket. The HA genes of isolates HK/481, HK/482, and CK/HK/915 grouped most closely on the nucleotide and amino acid level with HK/156, with HK/482 and CK/HK/915 having identical amino acid sequences (Fig. 2) . HK/483 was most similar to CK/HK/220, including having the potential glycosylation site at position 154. CK/HK/728 was most closely related to CK/HK/ 220, but it did not have the glycosylation site at position 154. All seven isolates had an insertion of basic amino acids at the HA cleavage site, consistent with their being classified as HPAIV (27, 45) .
Biological characteristics of egg-grown stocks. Comparisons of biological parameters between the chicken and human H5N1 isolates are presented in Table 3 . Stocks of HK/156 had lower HA titers than stocks of CK/HK/220. In addition, the HK/156 plaques in CEF cells were smaller than those of the (45) . In experiments 1, 2, and 3, the four human and three chicken influenza viruses were 90 to 100% lethal by day 3 postinoculation ( Table 4 ), indicating that the human origin isolates retained their high lethality for chickens. In experiment 1, the MDT were significantly shorter (P Ͻ 0.05) for chickens infected with CK/HK/220 than those infected with HK/156 (Table 4) , but the inoculum dose was 10 1.2 ELD 50 greater for CK/HK/220 than for HK/156. When the inoculum dose was standardized in experiment 2 to 10 7.9 ELD 50 /chicken, the numerical MDT values were still shorter for CK/HK/220 than HK/156 virus, but the differences were not statistically significant (Table 4) .
Pathology and immunohistochemistry. All seven isolates produced gross lesions in chickens consistent with highly pathogenic avian influenza virus or fowl plague virus (10) . The most consistent gross lesions included severe pulmonary edema (85%; 78/92) with congestion and hemorrhage (Fig. 4a) ; necrosis of the comb (Fig. 4b ) (67% of hens; 8/12); edema of the brain (68%; 63/92); and petechial to ecchymotic hemorrhages (76%; 70/92) in the skin (Fig. 4c) , muscle fascicles, fat pads, serosa, and mucosa of viscera (Fig. 4d) and lymphoid tissues such as the cecal tonsils and Peyer's patches in the small intestinal mucosa (Fig. 4e) . Gross lesions were more common in chickens inoculated i.v. with CK/HK/728 (8.1 lesions/bird), HK/483 (8 lesions/bird), and CK/HK/915 (7.8 lesions/bird) and least common in those inoculated with HK/156 (4.7 lesions/bird). The other viruses had intermediate lesion frequencies of 6/ bird, 6.2/bird, and 6.5/bird for HK/482, CK/HK/220, and HK/ 481, respectively. Chickens inoculated i.v. with AIV had more frequent and more severe lesions than chickens inoculated i.n., irrespective of the virus used.
The principal histologic lesions were hemorrhage, edema, and necrosis in multiple visceral organs and the brain. Moderate to severe diffuse pulmonary edema with congestion, hemorrhage, interstitial pneumonitis and necrosis, and mild-tomoderate degeneration and necrosis of cardiac myocytes were identified most frequently (Fig. 4f) . Vascular endothelial cells in vessels throughout the body were hypertrophied. The primary and secondary lymphoid organs had moderate to severe depletion of lymphocytes, and many of the remaining lymphocytes exhibited various stages of cytoplasmic condensation and blebbing with shrunken, round nuclei. These changes are consistent with apoptosis (50) .
AIV NP was localized in the nuclei and cytoplasm of various cell types in most tissues, but the most consistent and most abundant staining was in endothelial cells lining vascular spaces including capillary beds ( Fig. 4g and h) , vascular sinuses and glomeruli of the kidney, vascular sinuses of the adrenal, sinusoids of the liver, venules and arterioles, arteries and veins, pulmonary arteries and veins, aorta, and endocardium (Fig.  4i) . In addition, AIV antigen was common in cardiac myocytes (Fig. 4j ) and macrophages and heterophils within the lungs (Fig. 4g) . By contrast, AIV NP was rare in respiratory, intestinal, and kidney epithelium and neurons. AIV NP was absent in apoptotic lymphocytes in primary and secondary lymphoid organs. Ultrastructurally, the air capillary epithelium was frequently separated from the blood capillary endothelium at the basal lamina (Fig. 5a) , and the expanded space was typically electron lucent but occasionally contained proteinic material, macrophages, or heterophils. The blood capillary endothelial cells were hypertrophied, and the lumina commonly contained viable, degenerate, or necrotic monocytes and heterophils (Fig.  5b) . The air capillary space contained protein fibrils and degenerate heterophils and macrophages. The atrial epithelium was hypertrophied.
The sham-inoculated controls lacked lesions, and AIV antigen was not demonstrated.
DISCUSSION
The sequence comparison of HK/156 and CK/HK/220 H5N1 influenza viruses showed without doubt that the viruses had a closely related common ancestor, and the chicken virus serves as a reasonable progenitor virus to study the species jump for the human influenza virus. The HA sequence from an additional three human and two chicken isolates provides evidence of two closely related but genetically distinguishable groups of H5N1 influenza virus in Hong Kong. The glycosylation site difference, which is predicted to be near the receptor binding site, did not serve to differentiate between the chicken and human isolates. Comparisons of other H5 AIVs show that two viruses, A/chicken/Scotland/59 and A/turkey/Ontario/773/66, have the glycosylation site, but the other sequenced isolates do not. It appears unlikely that the presence or absence of the glycosylation site at position 154 is important for the virus to cross the species barrier.
The question is, why did this virus so easily cross the species barrier? Further sequencing of all genes from more human and avian influenza virus isolates may help pinpoint required mutational changes. However, based on the sequencing of seven isolates from this outbreak, the HA gene does not appeared to be a strong determinant of host specificity, since no amino acid changes consistently separated the avian and human isolates. Experimental studies with different AIVs have shown that many can infect humans and other mammals with no apparent mutational changes (4, 26, 43) . It is possible that this group of H5N1 viruses have a constellation of genes that also allows them to replicate well enough in humans to cause disease in some cases. However, evidence of efficient human-to-human transmission is lacking. Isolation of influenza A (H5N1) viruses from humans with serious respiratory disease has altered our thinking about the potential for the transmission of AIV to humans specifically and to mammals in general. In several previous outbreaks, direct transmission of AIVs was assumed to be from waterfowl directly to swine, horses, seals, and poultry (10, 13, 14, 32, 47) . Since chickens and turkeys are not the normal reservoir for AIVs, infection of these birds also represents a species jump, but presumably the transition from replication in a duck to replication and transmission in chickens is lower than that from ducks to humans. However, when AIV is transmitted to chickens or other poultry from the waterfowl reservoir, the virus begins adaptation to the new host. This idea is supported by studies in long-term poultry outbreaks from a single source (11, 12) . The presence of multiple basic amino acids at the HA cleavage site of H5 and H7 AIV isolates is associated with a highly pathogenic phenotype in chickens and turkeys. By contrast, H5 and H7 isolates from waterfowl and other wild birds, with the exception of A/tern/South Africa/61, did not have multiple basic amino acids in the HA cleavage site and were mildly pathogenic in chickens. There are multiple examples of mildly pathogenic viruses acquiring changes at the cleavage site or other places in the HA gene that result in emergence of the highly pathogenic phenotype for chickens (3, 11, 19, 27) . The combination of all 10 genes having high sequence similarity, the insertion of additional basic amino acids at the HA cleavage site, and the viruses being highly pathogenic in chickens suggests the H5N1 virus was transmitted from birds to humans, with chickens and not waterfowl being the most likely source. If this virus were to become established in the human population, it has the additional potential to cross back to chickens from humans and cause a severe influenza outbreak in poultry. Transmission of H1 influenza viruses from swine back to turkeys has previously been reported (15, 48) .
Both the HK/156 and CK/HK/220 influenza viruses caused severe systemic disease in chickens with lesions, suggesting severe pulmonary hypoxia and generalized cardiovascular collapse as the pathogenic mechanisms involved in virulence and death. These AIVs replicated primarily in vascular endothelial cells, cardiac myocytes, and myeloid inflammatory cells (heterophils, monocytes, and macrophages), but replication was observed less frequently in most parenchymal cells of viscera. Previous studies with H5 and H7 HPAIVs suggested multiple mechanisms involved in disease pathogenesis, primarily dependent on organs involved in major virus replication and lesion development (5, 22, 38) . The brain, visceral organs, and blood vessels throughout the body are the predominant sites of HPAIV replication and lesion development (5, 22, 25, 38, 46) . However, the generalized involvement and damage to the cardiovascular system are responsible for the major gross lesions typical of HPAIV, i.e., petechial to ecchymotic hemorrhages in the skin and on serosa of visceral organs, widespread subcutaneous edema, and ischemic necrosis of the comb and wattles. With most peracute deaths (Ͻ2 days), the predominant lesions are observed in endothelial cells in the cardiovascular system throughout the body (5, 22, 38, 46) . In some cases, gross lesions are lacking in poultry that die because the deaths resulted from peracute vascular thrombosis of critical organs, biochemical alterations, or cardiac arrhythmias (24, 38) . Prolongation of the disease to 3 to 5 days allows influenza virus to replicate and cause cellular alterations and morphologically identifiable necrosis in multiple parenchymal cells, including neurons, pancreatic acinar epithelium, kidney tubule epithelium, skeletal muscle, and adrenal corticotrophic cells, and hepatocytes (16, 22, 38) . Especially in i.v. inoculations, both viral isolates often caused peracute onset and rapid death of birds. Other, more classic lesions become evident in i.n.-inoculated birds that survived for more than 1 day.
With HK/156 and CK/HK/220, the gross, histologic, and ultrastructural alterations in the lung resulted from replication of the virus in blood capillary endothelial cells, with alterations in cell metabolism or cell death leading to protein leakage, edema in the air capillary space, and inflammatory cell infiltration (pneumonitis). Expansion of the blood-air capillary wall and filling of air capillaries with fluid prohibited adequate oxygen-carbon dioxide exchange, resulting in hypoxia. The HPAIVs A/chicken/Queretaro/14588-19/95 (H5N2) (38) and A/turkey/England/50-92/91 (H5N1) (22) produced similar severe pulmonary lesions which can be complicated by bacterial coinfections in the field. From a comparative prospective, severe uncomplicated influenza virus infections of the lungs of humans and pigs have severe diffuse alveolar damage with patchy fibrinous alveolar exudates, hyaline membranes, interstitial edema, and necrosis of bronchiolar mucosa (9, 51) .
The unanswered question from the current investigation is, will this H5N1 virus cause a pandemic? As efforts continue to control the avian outbreak of HPAIV in Hong Kong and hopefully reduce or eliminate the chicken-to-human spread of the virus, it is still unclear if human-to-human transmission is occurring at low levels. Repeated chances at replication in humans may allow this virus to become better adapted to humans and allow efficient human-to-human transmission. Increased transmission of the viral H5 and N1 genes may also occur by the reassortment of these genes with naturally circulating human influenza A viruses that could form a new virus that can readily spread from human to human. In either scenario, a virus capable of causing a pandemic could occur. This outbreak provides a clear indication that some AIVs have the potential to directly infect humans without a swine intermediate as a "mixing vessel," and we must increase our vigilance in detecting these new subtypes of human influenza viruses.
